Success in peritoneal dialysis (PD) requires a well-functioning catheter, and catheter placement at PD initiation is extremely important for long-term PD. Although several randomized, controlled trials (RCTs) have compared open surgery with laparoscopic surgery, there is controversy regarding which surgical approach is desirable. The present systematic review and meta-analysis was performed to clarify which surgical approach is superior. A systematic literature search for RCTs was performed using the Cochrane Central Register of Controlled Trials and the MEDLINE database, and a meta-analysis was performed using Review Manager Version 5.3.5 (Cochrane Collaboration, Oxford, UK). Catheter survival was the primary outcome, and leakage, hernia, requirement for reoperation, catheter-related infection, postoperative pain, hospitalization period associated with catheter placement, and catheter migration were the secondary outcomes. After screening 913 references, seven RCTs were analyzed. Laparoscopic surgery was found to have no favorable effect on catheter survival (5 trials, 424 patients; risk ratio [RR] 1.02; 95% confidence interval [CI] 0.92-1.13; p = 0.68; low-quality evidence]. The incidence of catheter migration was significantly lower with laparoscopic surgery (6 trials, 526 patients; RR 0.42; 95% CI 0.18-0.96; p = 0.04; moderate-quality evidence). However, the significance decreased on limiting the analysis to RCTs involving laparoscopic surgery without secured suture of the PD catheter (4 trials, 431 patients; RR 0.58; 95% CI 0.27-1.25; p = 0.17; moderate-quality evidence). Other outcomes were similar between open surgery and laparoscopic surgery. The present findings indicate that laparoscopic surgery has a limited advantage over open surgery with respect to PD patients' outcomes.
Introduction
In order for peritoneal dialysis (PD) to succeed, a wellfunctioning catheter is necessary. Therefore, accurate and safe catheter placement at the start of PD is extremely important for continued long-term PD. The catheter is placed by open surgery, laparoscopic surgery, or percutaneously. In general, there are many advantages of laparoscopic surgery over open surgery. First, it is cosmetically superior, and the risks of incisional hernia, surgical site infection, and bleeding are lower than with open surgery because of the small wound. Second, patients have much less discomfort and require fewer analgesics. Third, patients can get up and walk around sooner and get back to their regular activities earlier, thus shortening the length of hospital stay. Furthermore, laparoscopic surgery for PD catheter placement also has some advantages for surgeons. With laparoscopic surgery, the catheter can be placed in the pouch of Douglas while observing the tip of the catheter directly, and it is possible to prevent omental wrapping by omentectomy or omentopexy [1] . In addition, adhesiolysis can be performed with laparoscopic surgery for patients with adhesions, and hernia repair surgery can be performed simultaneously in patients with inguinal hernias.
As mentioned above, laparoscopes have various advantages, but they also have several disadvantages. One of the most important disadvantages is that laparoscopic surgery is extremely expensive because the instruments required to carry out the operation are very costly. In addition, the surgery also requires special skill, and not every hospital has specialized surgeons capable of performing it. Indeed, the incidence of laparoscopic surgery complications has also been reported to be directly proportional to the operator's experience [2] . Laparotomy can be performed with local anesthesia, but laparoscopic surgery requires general anesthesia. Furthermore, laparoscopic surgery is another risk factor for developing perioperative hypothermia due to prolonged surgical time and increased heat loss via exposure to cold/dry CO 2 insufflation during pneumoperitoneum [3] . With respect to placement of the PD catheter, leakage of dialysate from the port is a concern. Although there have been several randomized, controlled trials (RCTs) comparing open surgery with laparoscopic surgery, there has been controversy as to which provides longer catheter survival and a low incidence of complications [4] [5] [6] [7] [8] [9] [10] . Therefore, a systematic review (SR) and meta-analysis were conducted to compare laparoscopic surgery with open surgery using the latest research results.
Methods
The protocol used for the systematic review and metaanalysis was registered in the UMIN Clinical Trials Registry (UMIN000033859). Exemption from the review was granted by the Ethics Committee because this study did not involve patient intervention and confidential personal data.
Criteria for considering studies for this review Types of studies All RCTs and quasi-RCTs (RCTs in which allocation to treatment was obtained on alternate months) looking at the effects of different catheter placement techniques on patient outcomes in PD were included.
Types of participants
Adult patients initiating PD treatment were the target group.
Types of interventions
Studies comparing surgical placement by laparoscopic surgery or open surgery were included. Studies of percutaneous catheter placement were excluded.
Types of outcome measures
Primary outcome: Catheter survival [calculated by the number of participants who continued PD without removing the catheter at study completion [11] 
Data collection and analysis
This review was undertaken by four authors (T.S., D.K., K.U., and A.U.). The search strategy described was used to obtain titles and abstracts of studies relevant to the review. The titles and abstracts were screened independently by T.S. and D.K. in the primary search for SRs and CPGs, and by K.U. and A.U. in the secondary search for RCTs. Studies that were not relevant based on the inclusion criteria were discarded. Two authors independently assessed the retrieved abstracts, and, if necessary, the full texts of these studies to determine which studies were eligible for inclusion.
Data extraction and management
Data extraction was performed independently by the same authors using standard data extraction forms. Preceding the assessment, studies reported in non-English language journals were translated by a translation service, GLOVA Co. (Tokyo, Japan). Disagreements were resolved in consultation with H.Y.
Assessment of risk of bias in included studies
The following items were independently assessed by four authors (T.S., K.U., D.K., and A.U.) using the risk of bias assessment tool, as previously described [13] , and discrepancies were resolved by consultation with H.Y. and Y.T.: random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (performance bias), blinding of participants and personnel (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias), and other bias.
Measures of treatment effect
Data from each trial was analyzed using the risk ratio (RR) with 95% confidence intervals (CI) for dichotomous outcomes (e.g., catheter failure, infection, and migration) and using the mean difference (MD) for continuous outcomes (pain scale and hospitalization period).
Data synthesis
Summary estimators of treatment effects were pooled using the random-effects model by Review Manager Software (RevMan version 5.3.; Cochrane Collaboration, Oxford, UK). In individual studies, when the outcomes were measured at several time points, the data closer in time among the studies were chosen. In analysis of catheter migration, a sub-analysis according to with or without secured suture of the catheter was performed, because fixation of the catheter in the abdominal cavity could affect the outcome.
Assessment of heterogeneity
Heterogeneity of treatment effects was evaluated using the chi-squared test, with N-1 degrees of freedom, with an alpha of 0.05 considered significant, and with the I 2 test [14] .
Assessment of the certainty of evidence
The overall certainty of evidence related to each of the main outcomes was assessed using the GRADE (Grades of Recommendation, Assessment, Development and Evaluation) approach [15] . The quality of a body of evidence was rated as high, moderate, low, or very low certainty, with respect to risk of bias, inconsistency, indirectness, imprecision, and publication bias.
Results

Study selection and data management
A total of 122 titles of reported CPGs and SRs were identified through the CENTRAL and MEDLINE literature search, and ten CPGs and SRs were extracted. These CPGs and SRs were reviewed, and six RCTs were extracted. Although an attempt was made to search recent RCTs using the search strategy described in the most recent SR reported by Qiao et al. in 2016 [9] , the formula was incomplete. Thus, it was decided to re-search for RCTs after 2004 when the Cochrane Review was reported by Strippoli et al. [12] . A total of 913 references were initially screened, of which 601 had no duplicates and 594 were rejected on title and abstract review. Finally, seven RCTs were identified. After full-text review, all seven RCTs were entered into the analysis (Fig. 1 ).
Study characteristics
The characteristics of the included studies are shown in Tables 1 and 2 . A total of 571 patients from seven RCTs published from 1999 to 2018 were included. The number of patients per study was at most 148 and at least 45. Laparoscopic surgery included peritoneoscopic placement and advanced laparoscopic surgery with adhesiolysis as needed. Although fixation of the catheter into the abdominal cavity was performed in two laparoscopic surgeries, it was not performed in all open surgeries. Preoperative antibiotics were given in five RCTs.
Risk of bias
The assessment of risk of bias of the included studies is shown in Fig. 2 . Three RCTs did not describe the methods of randomization. The risk of bias domains of random sequence generation and allocation concealment were considered "low" with the sealed envelope method in three RCTs, "high" with the alternative month method in one RCT, and "unclear" for those that were not described. The domain of blinding of participants and personnel was described in only one RCT, but its blinding was limited to the method of dressing after operation, which was applied in the same positions for all patients to blind the ward staff to the technique used (low). Five RCTs were not blinded to participants and personnel (high), and one RCT did not describe the domain (unclear). The domain of blinding of outcome assessment was not described in all seven RCTs (unclear). In one RCT, many participants could not be traced due to drop-outs or deaths. Therefore, the domain of incomplete outcome data was considered "high." Reporting bias was not identified in seven RCTs. Because it was suspected that two RCTs had severe bias in the background characteristics between the groups, the domain of "other bias" was considered "high."
Effect of interventions
The quality of evidence of each study and outcomes are presented as a summary of findings table (Table 3) . Laparoscopic surgery made no difference to catheter survival (five trials, 424 patients; RR, 1.02; 95% CI, 0.92 to 1.13, I 2 = 58%; low quality evidence), complications of catheter placement [early complications: leakage (seven trials, 571 patients; RR, 0.86; 95% CI, 0.25 to 3.02, I 2 = 52%; very low quality evidence), late complications: hernia (four trials, 391 patients; RR 0.75; 95% CI, 0.21 to 2.72, I 2 = 0%; very low-quality evidence)], PD catheter-related infection (exit site infection and tunnel infection) (four trials, 262 patients, RR 0.99; 95% CI, 0.43 to 2.29, I 2 = 0%; low-quality evidence), and requirement for re-operation (one trial, 90 patients; RR 0.96; 95% CI 0.39 to 2.33; moderate-quality evidence) compared with open surgery (Fig. 3a-c, Fig. 4a ). There were significant heterogeneities in catheter survival and leakage. Postoperative pain evaluated based on the number of patients who complained of pain may have been better with laparoscopic surgery (two trials, 127 patients; RR 1.05; 95% CI 0.80 to 1.39, I 2 = 0%; very lowquality evidence) (Fig. 4 (B-1) ). On the other hand, postoperative pain assessed by a pain scale did not differ between the groups (one trial, 45 patients; mean difference, − 1.00; CI − 2.24 to 0.24; very low-quality evidence) (Fig 4  (B-2) ). The hospitalization period associated with catheter placement was better in open surgery (three trials, 212 patients; mean difference, 0.83; CI 0.04 to 1.61, I 2 = 0%; very low-quality evidence) than in laparoscopic surgery (Fig. 4c ). There was a significant benefit in catheter migration in laparoscopic surgery compared with open surgery (6 trials 526 patients; RR 0.42; 95% CI 0.18 to 0.96, I 2 = 24%; moderate-quality evidence).
However, the significance diminished on limiting the analysis to RCTs involving laparoscopic surgery without secured suture of the PD catheter (4 trials, 431 patients; RR 0.58; 95% CI 0.27-1.25, I 2 = 9%; p = 0.17; moderatequality evidence) (Fig. 4d) .
Discussion
In this review, it was uncertain whether laparoscopic surgery has beneficial effects on important outcomes such as catheter survival, complications of catheter placement, late complications, and PD catheter-related infection because the certainty of the evidence reviewed was very low to moderate. Although the incidence of catheter migration was significantly lower with laparoscopic surgery, laparoscopic surgery with secured suture of the PD catheter had a positive impact on outcomes.
Numerous RCTs [4] [5] [6] [7] [8] [9] [10] and observational studies [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] comparing open surgery and laparoscopic surgery for PD catheter placement have been published since the late 1990s. Several SRs and meta-analyses have [26] [27] [28] [29] . Unfortunately, the studies showed nonuniform results, and the recommended surgical procedure has not been clear. However, most RCTs included in the meta-analysis were performed more than 10 years ago. In 2018, the latest RCT on this topic was reported by van Laanen et al. [10] ; therefore, the present metaanalysis and systematic review included this research.
In the present meta-analysis results, PD catheter survival was not significantly different between laparoscopic surgery and open surgery. According to the latest guidelines, catheter patency is defined as the percentage or probability of catheter survival at 12 months following placement [30] . The factors affecting catheter survival were defined as some type of intervention (surgical or radiological) on the catheter due to flow dysfunction or irremediable drain pain. In addition, the guidelines clearly state that catheter patency at 12 months should be higher than 80% for basic laparoscopic surgery or open surgery. However, only two of five RCTs showed catheter patency higher than 80% at 12 months. One of the remaining three [27], Chen et al. [28] , and Qiao et al. [29] ) included some observational studies. There was no difference in complications of catheter placement between laparoscopic surgery and open surgery. This result was similar to previous SRs and metaanalyses. Although laparoscopic surgery showed a low risk of leakage in the two RCTs (Tsimoyiannis et al. [6] and Gadallah et al. [4] ), various factors affect leakage. Risk factors related to leakage include not only the technique for PD placement, but also immediate PD initiation, dialysate volume used, and weakness of abdominal wall tissue, and the incidence is approximately 5% [31] . In particular, early fluid leakage within 30 days is affected by the catheter insertion site and immediate PD initiation. It is well known that the incidence of leakage is higher with a midline incision than a paramedian incision [32] . In an RCT by Tsimoyiannis et al. [6] , 88% of patients who underwent open surgery had a catheter inserted through a midline incision, and PD was initiated within several days after surgery. On the other hand, in the RCT by Gadallah et al. [4] , the catheter was inserted through a paramedian incision, and the break-in period was 17 days, but the incidence of leakage was 11.1%. The incidence of leakage may be higher than in previous reports.
As in previous SRs and meta-analyses, there were no differences in catheter-related infections (exit site and tunnel infections) between laparoscopic surgery and open surgery. Antibiotic prophylaxis had been given to all patients in the four RCTs assessed for catheter-related infections. However, no RCT described the details of exit site GRADE Working Group grades of evidence: high certainty-we are very confident that the true effect lies close to that of the estimate of the effect; moderate certainty-we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different; low certainty-our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect; very low certainty-we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect a The randomization methods were not stated in three studies (Jwo et al [7] , Xu et al. [8] , Qiao et al. [9] ) b Because there were studies with different intervention methods, i.e., peritoneoscopy, and there was concern about the outcome measurements, the rate of imprecision was lowered c
We evaluated on the assumption that the intervention choice differs with the difference in risk ratio of 2%. The 95% CI crossed the threshold, so we decided to lower the rate of imprecision d
Because of considerable heterogeneity (I 2 = 52%), there was concern, and we decided to lower the level of inconsistency e All four studies were at high risk of bias from concerns with regards to allocation concealment f The randomization method was not stated g Because of the alternative outcome of quality of life h We evaluated on the assumption that the intervention choice differs with a risk ratio difference of 10%. The 95% CI crossed the threshold, and we decided to lower the rate of imprecision i The details of the pain scale were not stated j Because there was a difference in hospitalized duration greater than 10 days among studies and the discharge standards were unclear, we decided to lower the level k We assumed that the difference of three days hospitalization might facilitate the choice of intervention. The 95% CI does not cross the threshold, but it was decided to lower by one level because the number of cases is small care after surgery, and the types of dressings and use of topical prophylactic antibiotics at the exit site were unclear. We consider that catheter-related infections are more affected by the location of the exit, daily exit site care, and immobilization of the catheter or patients' background characteristics (obesity, diabetes, or immunocompromised patient) than by differences in surgical procedures. In addition, the ISPD guidelines show that the effect of infectious complications on catheter survival beyond 30 days is more likely due to causes unrelated to the insertion procedure. However, many of the RCTs did not describe the onset of catheter-related infections.
Only one RCT evaluated the requirement for reoperation, and there was no difference by surgical procedure. According to clinical practice guidelines for peritoneal access published in 2010, the incidence of catheter dysfunction at the time of first use that requires catheter manipulation or replacement or results in technique failure should be less than 20% [11] . In the RCT by van Laanen et al. [10] , the requirement for reoperation was 18 .2% for open surgery and 17.4% for laparoscopic surgery, and both surgical procedures met audit criteria.
There have been no SRs and meta-analyses that compared postoperative pain according to differences in There was no difference in pain due to the difference in surgical methods in the meta-analysis. In the first place, the patients' pain was subjective, the duration of the pain was unknown, and the statement on analgesic use was [33] . It is an extremely important issue for quality of life (QOL) and needs to be clarified by many studies in the future.
Although SR and meta-analysis by Xie et al. compared the hospitalization period associated with catheter placement in the two groups, it was shown that there was no difference [26] . Unexpectedly, the present study showed that open surgery had significantly shorter hospitalization than laparoscopic surgery. The hospitalization period varied from 2-3 days to 2 weeks depending on the study. There is a possibility that high heterogeneity may exist because the hospitalization period associated with catheter placement varies depending on the policy of the institution.
In three of the four SRs and meta-analyses, laparoscopic surgery was reported to reduce the risk for catheter migration [27] [28] [29] . However, these studies included observational studies. On the other hand, Xie et al. [26] analyzed catheter migration by meta-analysis including only RCTs, and they showed that there was no difference between the two groups. The present meta-analysis including six RCTs showed that laparoscopic surgery has a significantly lower incidence of catheter migration than open surgery. However, the significance diminished on limiting the analysis to RCTs involving laparoscopic surgery without secured suture of the PD catheter. In other words, secured suture of the catheter was shown to prevent catheter migration. However, ISPD guidelines do not recommend it because of the difficulty in removing the catheter from a firmly holding stitch. In addition, Ashegh et al. reported that catheter migration occurred in only 1.3% of cases even if the tip of the catheter was not fixed [34] .
The present meta-analysis evaluated several outcomes using only randomized trials, including the latest RCT. In addition, the present study evaluated the outcome included pain and hospitalization period that affect the patient's QOL. The current guidelines also state that comparisons on advanced laparoscopic surgery, basic laparoscopic surgery, and open surgery are required. Recently, Shrestha et al. reported that catheter placement by advanced laparoscopic surgery is associated with significantly superior results compared to those of open surgery and basic laparoscopic surgery [35] . It is an interesting finding that although the advanced laparoscopic surgery was included in laparoscopic surgery group in this study, there was still no difference in primary outcome as compared to open surgery. In addition, it should be emphasized that the intraperitoneal fixation of the catheter in laparoscopic surgery contributed to the reduction of the risk of migration.
This study has some limitations. First, the definition of outcome was different in each of the RCTs. The definition of catheter survival was inconsistent across all studies, and assessment of catheter survival was short-term and may need to focus on long-term outcomes. Four of the seven RCTs did not mention whether the definition of leakage was also early or late phase. Even in the three RCTs where the definition of early leakage was given, the time periods considered early were not identical (i.e., 2 weeks, 4 weeks, or 6 weeks). Second, laparoscopic surgery included peritoneoscopic placement in the report by Gadallah et al. [4] . In other words, patients who were included in the laparoscopic surgery group did not all undergo the same procedure, leading to high heterogeneity. Third, the skills of the surgeon and the number of surgeries performed also affect the outcome. In an RCT by Xu et al. [8] , open surgery was performed by nephrologists, and laparoscopic surgery was performed by surgeons. Furthermore, the RCT by Qiao et al. [9] was unclear on who performed the surgery. In Japan, many nephrologists have performed open surgery [36] , but the safety has not been fully verified. Finally, the largest limitation is the small numbers of patients included in and low quality of the studies, which may not lead to reliable conclusions. Large-scale and high-quality RCTs are needed in the future.
In conclusion, the present findings indicate that laparoscopic surgery has a limited advantage over open surgery regarding the outcomes of PD patients. We would not specifically recommend performing laparoscopic surgery for PD catheter placement. In the future, we hope to conduct a comparative study of surgical procedure that focuses on patients' quality of life, with a clear definition of outcomes.
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